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FIG. 7
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FIG. 12
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1
SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2018-
221443 filed on Nov. 27, 2018 including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

BACKGROUND

The present disclosures relate to a semiconductor device
and method of manufacturing the semiconductor device.

Techniques for non-contact transmission of signal
between two semiconductor chips are disclosed, for
example, in Japanese Unexamined Patent Application Pub-
lication No. 2015-95469 (Patent Document 1).

In Patent Document 1, a first semiconductor chip having
a first inductor and a second semiconductor chip having a
second inductor are stacked with an insulating film inter-
posed therebetween. The first inductor and the second induc-
tor face each other with the insulating film interposed
therebetween. By making the first inductor and the second
inductor face each other in this manner, it is possible to
transmit a signal between two semiconductor chips in a
non-contact manner.

In Patent Document 1, the insulating film is located
outside the first semiconductor chip. Therefore, the path
from the first semiconductor chip to the second semicon-
ductor chip becomes longer by a length of the top surface,
the end surface, and the back surface of the insulating film
located outside the first insulating film. Therefore, an occur-
rence of dielectric breakdown between the first semiconduc-
tor chip and the second semiconductor chip is suppressed.

However, in the semiconductor device described in the
above-mentioned document 1, it is desired to further
increase the dielectric breakdown voltage by further increas-
ing the creeping distances between the upper and lower
chips.

Other objects and novel features will become apparent
from the description of this specification and the accompa-
nying drawings.

SUMMARY

The semiconductor device according to embodiments
includes a first semiconductor chip, a second semiconductor
chip, an insulating sheet, and a sealing member. The first
semiconductor chip includes a first inductor. The second
semiconductor chip includes a second inductor and is
stacked on the first semiconductor chip such that the second
inductor faces the first inductor. The insulating sheet is
disposed between the first semiconductor chip and the
second semiconductor chip. The sealing member seals the
first semiconductor chip, the second semiconductor chip,
and the insulating sheet. The sealing member is disposed
both between the insulating sheet and the first semiconduc-
tor chip and between the insulating sheet and the second
semiconductor chip.

The manufacturing method of the semiconductor device
of embodiments includes the following steps. A first semi-
conductor chip including a first inductor is provided. A
second semiconductor chip including a second inductor is
provided. The first semiconductor chip and the second
semiconductor chip are stacked with an insulating sheet
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interposed between the first semiconductor chip and the
second semiconductor chip such that the first inductor and
the second inductor face each other. The first semiconductor
chip, the second semiconductor chip, and the insulating
sheet are sealed with a sealing member. The sealing member
is disposed both between the insulating sheet and the first
semiconductor chip and between the insulating sheet and the
second semiconductor chip.

According to the above embodiments, it is possible to
realize a semiconductor device having a large creeping
distance and a high dielectric strength, and a manufacturing
method thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing the configuration of
the semiconductor device according to a first embodiment
perspective of the inside of the sealing member.

FIG. 2A is a plan view showing the first semiconductor
chip included in the semiconductor device of FIG. 1, and
FIG. 2B is a plan view showing the second semiconductor
chip.

FIG. 3 is a cross-sectional view cut in a direction of
hanging pins, showing the configuration of the semiconduc-
tor device according to the first embodiment.

FIG. 4 is an enlarged cross-sectional view shown of an
area RA in FIG. 3.

FIG. 5 is across-sectional view cut in a lead direction,
showing the configuration of the semiconductor device
according to the first embodiment.

FIG. 6 is an enlarged cross-sectional view showing an
area RB of FIG. 5.

FIG. 7 is a cross-sectional view cut in the direction of
hanging pins, showing a first step of method of manufac-
turing a semiconductor device according to the first embodi-
ment.

FIG. 8 is a cross-sectional view cut in a suspension pin
direction, showing a second step of method of manufactur-
ing the semiconductor device according to the first embodi-
ment.

FIG. 9 is a cross-sectional view cut in the suspension pin
direction, showing a third step of the method of manufac-
turing the semiconductor device according to the first
embodiment.

FIG. 10 is a cross-sectional view cut in the suspension pin
direction, showing the fourth step of the method of manu-
facturing the semiconductor device according to the first
embodiment.

FIG. 11 is a cross-sectional view cut in the suspension pin
direction, showing a fifth step of the method of manufac-
turing the semiconductor device according to the first
embodiment.

FIG. 12 is a cross-sectional view cut in the suspension pin
direction, showing a sixth step of the method of manufac-
turing the semiconductor device according to the first
embodiment.

FIG. 13 is a cross-sectional view cut in the lead direction,
showing the configuration of the semiconductor device
according to a comparative example.

FIG. 14 is a cross-sectional view cut in the lead direction,
showing a configuration of a semiconductor device accord-
ing to second embodiment.

FIG. 15 is a plan view showing the configuration of an
insulating sheet included in the semiconductor device of
FIG. 14.
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FIG. 16 is a cross-sectional view cut in the lead direction,
showing the configuration of a semiconductor device
according to a third embodiment.

FIG. 17 is a cross-sectional view showing the configura-
tion of the insulating sheet included in the semiconductor
device of FIG. 16.

FIG. 18 is a cross-sectional view cut in the lead direction,
showing the configuration of a semiconductor device in a
fourth embodiment.

FIG. 19 is a cross-sectional view showing the configura-
tion of the insulating sheet included in the semiconductor
device of FIG. 18.

FIG. 20 is a cross-sectional view cut in the lead direction,
showing a configuration of a semiconductor device in a fifth
embodiment.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present disclosure will
be described in detail with reference to the drawings. In the
specification and drawings, the same or corresponding com-
ponents are denoted by the same reference numerals, and a
repetitive description thereof is not repeated. In the draw-
ings, for convenience of description, the configuration may
be omitted or simplified. Further, at least a part of each
embodiment and each modification may be arbitrarily com-
bined with each other.

First Embodiment

<Configuration of Semiconductor Device>

First, a configuration of a semiconductor device according
to the present embodiment will be described with reference
to FIGS. 1-6.

As shown in FIG. 1, the semiconductor device SD accord-
ing to present embodiment is, for example, System In
aPackage (SIP) having Face-to-Face (FtF) structure in which
two semiconductor chips SC1 and SC2 face each other. The
semiconductor device SD are applied to, for example, digital
isolator.

The semiconductor device SD includes a die pad DP, a
plurality of leads LFA and LFB, a first semiconductor chip
SC1, an insulating sheet IS, a second semiconductor chip
SC2, a first bonding wire BWA, a second bonding wire
BWB, and a sealing member SM.

The first semiconductor chip SC1 is mounted on the die
pad DP. A second semiconductor chip SC2 is stacked on the
first semiconductor chip SC1. The insulating film IS is
disposed between the first semiconductor chip SC1 and the
second semiconductor chip SC2.

The first semiconductor chip SC1 includes a plurality of
first pad electrodes BP1. Each of a plurality of first pad
electrodes BP1 is disposed on a surface of the first semi-
conductor chip SC1 in the second semiconductor chip SC2
side. The first bonding wire BWA is connected to each of the
plurality of first pad electrodes BP1. The first bonding wire
BWA is connected to an inner lead of the lead LFA.

The second semiconductor chip SC2 includes a plurality
of second pad electrodes (not shown). Each of the plurality
of second pad electrodes is disposed on a surface of the
second semiconductor chip SC2 in the first semiconductor
chip SC1 side. A second bonding wire BWB is connected to
each of the plurality of second pad electrodes. The second
bonding wire BWB is connected to a part of the lead LFB.

The sealing member SM seals the die pad DP, the first
semiconductor chip SC1, the second semiconductor chip
SC2, the insulating sheet IS, the first bonding wire BWA,
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and the second bonding wire BWB. A portion of each of the
leads LFA and LFB protrudes from the sealing member SM.

In FIG. 1, the hanging pin (hanging lead) connected to the
die pad DP is omitted, but the hanging pin extends, for
example, in a direction indicated by an arrow B (hereinafter
also referred to as “hanging pin direction B”). Each of the
plurality of leads LFA and LFB extends, for example, in a
direction indicated by an arrow A (hereinafter, also referred
to as a “lead direction A”). The lead direction A is a direction
orthogonal to the hanging pin direction B. In other drawings,
the hanging pins are not shown.

The direction indicated by the arrow C is orthogonal to
both the lead direction A and the hanging pin direction B.
The die pad DP, the first semiconductor chip SC1, the
insulating sheet IS, and the second semiconductor chip SC2
are stacked in the directions indicated by the arrows C.

As shown in FIG. 2A, the first semiconductor chip SC1
includes a plurality of first inductors ID1, a plurality of first
pad electrodes BP1, and a first seal ring SR1. The same layer
wiring as the pad electrodes on the other pad electrodes is
omitted. The first semiconductor chip SC1 has a rectangular
planar shape.

The plurality of first inductors ID1 have two inductor ID1.
The two inductors ID1 are, for example, an inductor ID1 for
receiving and an inductor ID1 for transmitting. Each of the
plurality of first inductors ID1 is, for example, a primary-
side inductor.

The plurality of first pad electrodes BP1 are arranged side
by side along one side of a rectangular outer edge of the first
semiconductor chip SC1 in plan view. The first sealing ring
SR1 surrounds the plurality of first inductors ID1 and the
plurality of first pad electrodes BP1 in plan view. The first
sealing ring SR1 has a frame shape along a rectangular outer
edge of the first semiconductor chip SC1.

As shown in FIG. 2B, the second semiconductor chip SC2
includes a plurality of second inductors ID2, a plurality of
second pad electrodes BP2, and a second seal ring SR2. The
second semiconductor chip SC2 has a rectangular planar
shape.

The plurality of second inductors ID2 have two inductor
ID2. The two inductors ID2 are, for example, an inductor
1D2 for receiving and an inductor ID2 for transmitting. Each
of the plurality of second inductors ID2 is, for example, a
secondary inductor.

The plurality of second pad electrodes BP2 are arranged
side by side along one side of the rectangular outer edge of
the second semiconductor chip SC2 in plan view. The
second sealing ring SR2 surrounds the plurality of second
inductors ID2 and the plurality of second pad electrodes BP2
in plan view. The second sealing ring SR2 has a frame shape
along a rectangular outer edge of the second semiconductor
chip SC2.

As shown in FIG. 3, the first semiconductor chip SC1
includes a first semiconductor substrate SB1, a first multi-
layer wiring structural MI1, a first inductor ID1, a first
sealing ring SR1, and a first passivation layer PL1.

As shown in FIG. 4, the first semiconductor substrate SB1
is, for example, Silicon On Insulator (SOI) substrate, but
may be monocrystalline silicon substrate. A Metal Oxide
Semiconductor (MOS) transistor, a Double Diffusion MOS
(DMOS) transistor, and the like are disposed on the first
semiconductor substrate SB1.

The first multilayered wiring structural MI1 has a struc-
ture in which a wiring layer and an interlayer insulating layer
are alternately stacked a plurality of times. The wiring layers
of the first multi-layer wiring structures are electrically
connected to MOS transistors or the like disposed on the
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surfaces of the first semiconductor substrate SB1. The
interlayer insulating layer in the first multilayer wiring
structural MI1 electrically separates the underlying wiring
layer from the upper layer wiring layer. The wiring layer of
the lower layer and the wiring layer of the upper layer are
appropriately electrically connected to each other through a
via plug.

The first seal ring SR1 has a multilayered seal ring
conductive layer and a via plug for connecting the upper and
lower seal ring conductive layers. The multi-layer seal ring
conductive layer includes a multi-layer seal ring conductive
layer included in the first multi-layer wiring structure MI1,
and a top seal ring conductive layer disposed on the top
interlayer insulating layer in the first multi-layer wiring
structure MI1.

The first inductor ID1 is disposed on the uppermost
interlayer insulating layer in the first multilayered wiring
structural MI1.

A first passivation layer PL1 is disposed over the first
multi-layer wiring structural MI1. The first passivation layer
PL1 covers the first inductor ID1 and the conductive layer
for the uppermost seal ring in the first seal ring SR1.

The first passivation layer PL1 has, for example, two
insulating layers PLA1 and PLBI1. The insulating layer
PLA1 is formed of, for example, silicon nitride, and the
insulating layer PLB1 is formed of, for example, polyimide.
The insulating layer PL.B1 is disposed on the insulating layer
PLAL.

The first outer peripheral edge PE1 of the first passivation
layer PL1 is located inside the first semiconductor chip SC1
from the first outermost peripheral edge MPE1 of the first
semiconductor chip SC1. Therefore, the outer peripheral
region of the uppermost interlayer insulating layer in the first
multilayered wiring structural MI1 is not covered with the
first passivation layer PL1.

As shown in FIG. 3, the second semiconductor chip SC2
includes a second semiconductor substrate SB2, a second
multilayered wiring structure MI2, a second inductor ID2, a
second sealing ring SR2, and a second passivation layer PL.2
(second protective layer).

As shown in FIG. 4, the second semiconductor substrate
SB2 is, for example, SOI substrate, but may also be monoc-
rystalline silicon substrate. A MOS transistor, a DMOS
transistor, and the like are disposed on the second semicon-
ductor substrate SB2.

The second multilayered wiring structural MI2 has a
structure in which a wiring layer and an interlayer insulating
layer are alternately stacked a plurality of times. The wiring
layers of the second multi-layer wiring structures are elec-
trically connected to MOS transistors or the like disposed on
the second semiconductor substrate SB2. The interlayer
insulating layer in the second multilayer wiring structural
MI2 electrically separates the underlying wiring layer from
the upper layer wiring layer. The wiring layer of the lower
layer and the wiring layer of the upper layer are appropri-
ately electrically connected to each other through a via plug.

The second seal ring SR2 has a multilayered seal ring
conductive layer and a via plug for connecting the upper and
lower seal ring conductive layers. The multi-layer seal ring
conductive layer includes a multi-layer seal ring conductive
layer included in the second multi-layer wiring structure
MI2, and a top seal ring conductive layer disposed on the top
interlayer insulating layer of the second multi-layer wiring
structure MI2.

The second inductor ID2 is disposed on the uppermost
interlayer insulating layer in the second multi-layer wiring
structural MI2.
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The second passivation layer PL2 is arranged on the
second multilayered wiring structural MI2. The second
passivation layer PL2 covers the second inductor ID2 and
the conductive layer for the uppermost seal ring in the
second seal ring SR2.

The second passivation layer PL.2 has, for example, two
insulating layers PLA2 and PLB2. The insulating layer
PLA2 is formed of, for example, silicon nitride, and the
insulating layer PL.B2 is formed of, for example, polyimide.
The insulating layer PL.B2 is disposed on the insulating layer
PLA2.

The outer peripheral edge PE2 of the second passivation
layer PL2 is located inside the second semiconductor chip
SC2 from the second outermost peripheral edge MPE2 of
the second semiconductor chip SC2. Therefore, the outer
peripheral region of the uppermost interlayer insulating
layer in the second multilayered wiring structural M12 is not
covered with the second passivation layer PL2.

As shown in FIG. 3, when the first semiconductor chip
SC1 and the second semiconductor chip SC2 are stacked, the
first inductor ID1 and the second inductor ID2 face each
other with at least the insulating sheet IS interposed ther-
ebetween. This enables signals to be transmitted between the
first inductor ID1 and the second inductor ID2 in a non-
contact manner. The first inductor ID1 and the second
inductor ID2 constitute, for example, a digital isolator.

The sealing member SM is disposed between the insu-
lating sheet IS and the first semiconductor chip SC1 and
between the insulating sheet IS and the second semiconduc-
tor chip SC2. The sealing member SM is formed of resin, for
example.

As shown in FIG. 4, the sealing member SM contacts with
each of the upper surface of the uppermost interlayer insu-
lating layer of the first multilayer wiring structural MI1, the
outer peripheral edge PE1 of the first passivation layer PL1,
and the surface of the insulating sheet IS on the SC1 side of
the first semiconductor chip.

The sealing member SM contacts with each of the surface
of the uppermost interlayer insulating layer of the second
multilayer wiring structural MI2, the outer peripheral edge
PE2 of the second passivation layer PL2, and the surface of
the insulating sheet IS facing the first semiconductor chip
SC1.

As shown in FIG. 3, in the cross section along the hanging
pin direction B, the second semiconductor chip SC2 has a
region OR facing the first semiconductor chip SC1 and a
region NR2 not facing the first semiconductor chip SC1. In
the cross section along the hanging pin direction B, the
second semiconductor chip SC2 extends longer on both
sides along the hanging pin direction B than the first
semiconductor chip SC1. Therefore, the region NR2 where
the second semiconductor chip SC2 does not face the first
semiconductor chip SC1 is located on both sides of the
region OR where the second semiconductor chip SC2 faces
the first semiconductor chip SC1.

In the cross section along the hanging pin direction B, the
sealing member SM is disposed between the first semicon-
ductor chip SC1 and the insulating sheet IS in the region OR
in which the first semiconductor chip SC1 and the second
semiconductor chip SC2 face each other. In the cross section
along the hanging pin direction B, the sealing member SM
is disposed between the second semiconductor chip SC2 and
the insulating sheet IS in the region NR2 where the first
semiconductor chip SC1 and the second semiconductor chip
SC2 do not face each other.

In the cross-section along the hanging pin direction B, the
sealing member SM may be disposed between the second
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semiconductor chip SC2 and the insulating sheet IS in the
region OR, and the sealing member SM may be disposed
between the second semiconductor chip COB and the insu-
lating sheet IS in the region OR.

The insulating sheets IS have a first portion IS 1 and a
second portion IS 2. The first portion IS1 is a portion that
extends linearly while contacting each of the surface of the
first semiconductor chip SC1 and the surface of the second
semiconductor chip SC2. The first portion IS1 is located at
least in the region OR.

The second portion IS2 is connected to the outer periph-
eral edge of the first portion IS1 and extends further outward
from the outer peripheral edge of the first portion IS1. The
second portion IS2 is bent away from the surface of the
second semiconductor chip SC2 with respect to the surface
of the first portion IS1. As a result, the second portion 1S2
is inclined with respect to the first portion IS1.

The second portion IS 2 extends so as not to contact the
surface of the first semiconductor chip SC1 and the surface
of each of the second semiconductor chips SC2. The second
portion IS2 extends, for example, linearly. The second
portion IS2 is located in an area NR2 where the first
semiconductor chip SC1 and the second semiconductor chip
SC2 do not face each other.

The sealing member SM contacts with both the surface of
the second portion IS2 on the first semiconductor chip SC1
side and the surface of the second portion I1S2 on the second
semiconductor chip SC2 side. The sealing member SM is
also in contact with the outer peripheral edge of the second
portion IS2.

In the cross section along the hanging pin direction B, the
insulating sheet IS extends outward from at least one of the
first outermost peripheral edge MPE1 of the first semicon-
ductor chip SC1 and the second outermost peripheral edge
MPE2 of the second semiconductor chip SC2. Here, the
outer side means the side opposed to the central side of the
first semiconductor chip SC1 in the hanging pin direction B.

As shown in FIGS. 5 and 6, in the cross section along the
lead direction A, the first semiconductor chip SC1 and the
second semiconductor chip SC2 are arranged so as to be
shifted from each other in the lead direction A. In the cross
section along the lead direction A, the second semiconductor
chip SC2 has a region OR facing the first semiconductor
chip SC1 and a region NR1 not facing the first semicon-
ductor chip SC1. The first semiconductor chip SC1 has a
region OR facing the second semiconductor chip SC2 and a
region NR1 not facing the second semiconductor chip SC2.

In the cross section along the lead direction A, the sealing
member SM is disposed between the first semiconductor
chip SC1 and the insulating sheet IS and between the second
semiconductor chip SC2 and the insulating sheet IS in the
region OR.

In the cross section along the lead direction A, the sealing
member SM is disposed between the second semiconductor
chip SC2 and the insulating sheet IS in the region NR2
where the second semiconductor chip SC2 does not face the
first semiconductor chip SC1.

In the region NR2, the second portion IS2 is bent away
from the surface of the second semiconductor chip SC2 with
respect to the first portion IS1. As a result, the second portion
182 is inclined with respect to the first portion IS1.

In the area NR1 where the first semiconductor chip SC1
does not face the second semiconductor chip SC2, the
insulating sheet IS does not have a bent portion with respect
to the first portion sheet IS1. However, the insulating sheet
IS may have a second portion in which the insulating sheet
IS is bent away from the surface of the first semiconductor
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chip SC1 with respect to the first portion IS1 in the area NR1
where the first semiconductor chip SC1 does not face the
second semiconductor chip SC2.

The second portion IS2 does not contact the surface of the
first semiconductor chip SC1 and the surface of the second
semiconductor chip SC2, but extends, for example, linearly.

The sealing member SM contacts with both the surface of
the second portion IS2 on the first semiconductor chip SC1
side and the surface of the second portion I1S2 on the second
semiconductor chip SC2 side. The sealing member SM also
contacts with the outer peripheral edge of the second portion
1S2.

Next, a method of manufacturing the semiconductor
device of the present embodiment will be described with
reference to FIGS. 7 to 12 in the cross section along the
hanging pin direction B shown in FIG. 3.

As shown in FIG. 7, a leadframe RF is provided. The lead
frame RF includes a die pad DP, a plurality of leads (not
shown), and a suspending pin (not shown).

As shown in FIG. 8, the first semiconductor chip SC1 is
provided to have a first semiconductor substrate SB1, a first
multi-layer wiring structure MI1, a first inductor ID1, and a
first passivation layer PL1.

The first semiconductor chip SC1 is disposed on the die
pad DP. The first semiconductor chip SC1 is fixed to the die
pad DP by using a silver paste, a Die Attach Film, a metallic
alloy, or the like.

As shown in FIG. 9, insulating sheets IS are disposed on
the first semiconductor chip SC1. The insulating sheet IS1 is
bonded to the first semiconductor chip SC1 by, for example,
an adhesive layer (not shown).

As shown in FIG. 10, the second semiconductor chip SC2
is provided to have a second semiconductor substrate SB2,
a second multi-layer wiring structure MI2, a second inductor
1D2, and a second passivation layer PL2.

The second semiconductor chip SC2 is disposed on the
insulating sheet IS. The second semiconductor chip SC2 is
bonded to the insulating sheet IS by, for example, an
adhesive layer (not shown).

As shown in FIG. 11, the insulating sheet IS is cured by
heating. The insulating sheet IS is bent at the time of curing
or due to its own weight.

As shown in FIG. 12, wire bonding is performed. As a
result, the first pad electrodes of the first semiconductor chip
SC1 and the first leads of the first semiconductor chip OOB
are connected to each other by the first bonding wires. The
second pad electrodes of the second semiconductor chip
SC2 and the second leads of the second semiconductor chip
COB are connected to each other by a second bonding wire.

Thereafter, the die pad DP, the first semiconductor chip
SC1, the second semiconductor chip SC2, the insulating
sheet IS, the first bonding wire and the second bonding wire
are sealed with the sealing member SM. A portion of each
of the plurality of leads protrudes from the sealing member
SM.

The sealing member SM is disposed both between the
insulating sheet IS and the first semiconductor chip SC1 and
between the insulating sheet IS and the second semiconduc-
tor chip SC2.

The sealing member SM contacts with each of the upper
surface of the uppermost interlayer insulating layer of the
first multilayer wiring structural MI1 in the first semicon-
ductor chip SC1, the outer peripheral edge PE1 of the first
passivation layer PL1, and the top surface of the insulating
sheet IS in the first semiconductor chip SC1 side.

The sealing member SM contacts with each of the upper
surface of the uppermost interlayer insulating layer of the
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second multilayer wiring structural M12, the outer peripheral
edge PE2 of the second passivation layer PL2, and the top
surface of the insulating sheet IS facing the first semicon-
ductor chip SC1.

Thereafter, the semiconductor device SD of the present
embodiment are completed through a typical semiconduc-
tor-package assembling process.

Next, the action and effect of present embodiment will be
explained in comparison with the comparative examples
shown in FIG. 13.

As shown in FIG. 13, in the comparative embodiment, the
outer peripheral edge PE1 of the first passivation layer PL.1
constitutes a surface that is contiguous with the first outer-
most peripheral edge MPE1 of the first semiconductor chip
SC1. Therefore, the creeping distance between the second
bonding wire BWB and the first semiconductor substrate
SB1 in the comparative embodiment is the distance in the
path TR2 indicated by the thick line. Therefore, in the
comparative embodiment, a route for forming creeping
distances is not formed in the region OR in which the first
semiconductor chip SC1 and the second semiconductor chip
SC2 face each other.

On the other hand, in present embodiment, as shown in
FIG. 5, the sealing member SM is disposed between the
insulating sheet IS and the first semiconductor chip SC1 and
between the insulating sheet IS and the second semiconduc-
tor chip SC2. Therefore, the creeping distance between the
second bonding wire BWB and the first semiconductor
substrate SB1 in the present embodiment is the distance in
the path TR1 indicated by the thick line. In the present
embodiment, the creeping distances are also formed in the
regions OR where the first semiconductor chip SC1 and the
second semiconductor chip SC2 face each other. Therefore,
the creeping distance can be made larger than that of the
comparative example. Since the creeping distance of the
interface is increased, the withstand voltage of the digital
isolator can be improved, and the time to the failure can be
prolonged.

In present embodiment, as shown in FIGS. 3 to 6, the first
outer peripheral edge PE1 of the first passivation layer PL.1
is located inside the first outermost peripheral edge MPE1 of
the first semiconductor chip SC1. The second outer periph-
eral edge PE2 of the second passivation layer PL.2 is located
inside the second outermost peripheral edge MPE2 of the
second semiconductor chip SC2. This facilitates disposing
the sealing member SM between the insulating sheet IS and
the first semiconductor chip SC1 and between the insulating
sheet IS and the second semiconductor chip SC2.

In present embodiment, as shown in FIG. 3, the insulating
sheet IS extends outward from at least one of the first
outermost peripheral edge MPE1 of the first semiconductor
chip SC1 and the second outermost peripheral edge MPE2
of the second semiconductor chip SC2. Since the insulating
sheet IS extends outward in this manner, it is possible to
secure a larger creeping distance.

In present embodiment, as shown in FIG. 3, the insulating
sheet IS has a first portion IS1 positioned between the first
semiconductor chip SC1 and the second semiconductor chip
SC2, and a second portion IS2 bent with respect to the first
portion IS1. The sealing member SM is in contact with both
the surface of the second portion IS2 on the first semicon-
ductor chip SC1 side and the surface of the second portion
1S2 on the second semiconductor chip SC2 side. This makes
it possible to secure a larger creeping distance.

Second Embodiment

As shown in FIG. 14 and FIG. 15, the surface of the
insulating sheet IS in the present embodiment has two types
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of surfaces, i.e., a bondable region R1 and non-bondable
regions R2 and R3. The bondable area R1 is disposed only
at a portion of the insulating sheet IS to be bonded to the first
semiconductor chip SC1 and a portion of the insulating sheet
IS to be bonded to the second semiconductor chip SC2. The
non-adherable regions R2 and R3 are disposed in the insu-
lating sheet IS at the portions of the insulating sheet IS not
desired to be adhered to the first semiconductor chip SC1
and the portions of the insulating sheet IS not desired to be
adhered to the second semiconductor chip SC2.

More specifically, the insulating sheet IS has an adherable
region R1 in an opposing region OR in which the first
semiconductor chip SC1 and the second semiconductor chip
SC2 oppose each other. The bondable area R1 is provided in
both the first semiconductor chip SC1 side and the second
semiconductor chip SC2 side. The insulating sheet IS has
non-adherable regions R2 and R3 outside the opposing
region OR. The non-adhesive regions R2 and R3 are also
disposed on both the first semiconductor chip SC1 side and
the second semiconductor chip SC2 side.

More specifically, the bondable region R1 is disposed in
a region where the first passivation layer PL1 (first protec-
tive layer) of the first semiconductor chip SC1 and the
second passivation layer PL.2 (second protective layer) of
the second semiconductor chip SC2 face each other. The
non-adherable regions R2 and R3 are disposed outside the
regions where the first passivation layer PL.1 and the second
passivation layer PL.2 face each other.

The adhesive layer AD is provided on the insulating sheet
IS in the bondable region R1, and the adhesive layer AD is
not provided on the insulating sheet IS in the non-bondable
regions R2 and R3.

In the above present embodiment, the sealing member SM
is disposed between the insulating sheet IS and the first
semiconductor chip SC1 in the non-adherable regions R2
and R3, and between the insulating sheet IS and the second
semiconductor chip SC2 in the non-adherable regions R2
and R3.

Specifically, the sealing member SM is disposed between
the insulating sheet IS and the first semiconductor chip SC1
and between the insulating sheet IS and the second semi-
conductor chip SC2 from the outer peripheral end of the
insulating sheet IS to the region where the first passivation
layer PL1 and the second passivation layer PL.2 face each
other.

Note that the configuration and manufacturing method of
the semiconductor device other than the above in present
embodiment are substantially the same as the configuration
and manufacturing method in first embodiment, and there-
fore descriptions thereof will not be repeated.

In the present embodiment, non-adherable regions R2 and
R3 are provided in the insulating sheet IS. As a result, the
non-adherable regions R2 and R3 of the insulating sheet IS
are not adhered to the first semiconductor chip SC1 and the
second semiconductor chip SC2, and the insulating sheet IS
is freely adhered to the first semiconductor chip SC1 and the
second semiconductor chip CCC. Therefore, when sealing
with the sealing member SM, the sealing member SM can be
disposed between the insulating sheet IS and the first semi-
conductor chip SC1 and between the insulating sheet IS and
the second semiconductor chip SC2. As a result, the creep-
ing distance can be increased, so that the withstand voltage
of the digital isolator can be improved and the time until the
failure can be prolonged.

In present embodiment, the bondable region R1 is dis-
posed only in a region where the first passivation layer PL.1
and the second passivation layer PL2 face each other.
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Therefore, the sealing member SM is disposed between the
insulating sheet IS and the first semiconductor chip SC1 and
between the insulating sheet IS and the second semiconduc-
tor chip SC2 from the outer peripheral end of the insulating
sheet IS to the region where the first passivation layer PL1
and the second passivation layer PL2 face each other.
Therefore, the creeping distance larger than the creeping
distance first embodiment can be secured.

Third Embodiment

As shown in FIG. 17, the insulating sheet IS of the present
embodiment has first portions IM1 and IM3, and second
portions IM2 and IM4. The second portions IM2 and IM4
are formed of materials different from those of the first
portions IM1 and IM3.

The thermal expansion coeflicient of first portions IM1
and IM3 and the thermal expansion coefficient of second
portions IM2 and IM4 are different from each other. Spe-
cifically, the thermal expansion coeflicient of the first portion
IM1 and the IM3 are greater than the thermal expansion
coeflicient of the second portion IM2 and the IM4, for
example.

An adhesive layer AD2 is disposed on one surface of the
insulating sheet IS, and an adhesive layer AD3 is disposed
on the other surface of the insulating sheet IS. The adhesive
layer AD2 is disposed on the entire surface of one surface of
the insulating sheet IS, and the adhesive layer AD3 is
disposed on the entire surface of the other surface of the
insulating sheet IS.

As in second embodiment, the adhesive layer AD2 may be
selectively disposed on only a part of one surface of the
insulating sheet IS, and the adhesive layer AD3 may be
selectively disposed on only a part of the other surface of the
insulating sheet IS.

As shown in FIG. 16, in the region NR1 in which the
second semiconductor chip SC2 is not present in the oppo-
site region of the first semiconductor chip SC1, the first
portion IM1 is disposed in the first semiconductor chip SC1
side, and the second portion IM2 is disposed in the second
semiconductor chip SC2 side. In the region NR1 where the
first semiconductor chip SC1 does not exist in the opposite
region of the second semiconductor chip SC2, the first
portion IM3 is disposed in the second semiconductor chip
SC2 side, and the second portion IM4 is disposed in the first
semiconductor chip SC1 side.

The insulating sheet IS curves away from the first semi-
conductor chip SC1 toward the front end of the insulating
sheet IS in the region NR1 where the second semiconductor
chip SC2 does not exist in the opposite region of the first
semiconductor chip SC1. The insulating sheet IS curves
away from the second semiconductor chip SC2 toward the
front end of the insulating sheet IS in the region NR1 where
the first semiconductor chip SC1 does not exist in the
opposite region of the second semiconductor chip SC2.

The adhesive layer AD2 bonds the insulating layer IS and
the first semiconductor chip SC1 to each other. The adhesive
layer AD3 bonds the insulating layer IS and the second
semiconductor chip SC2 to each other.

Manufacturing method in present embodiment includes
the same steps as manufacturing method in first embodi-
ment. In the step shown in FIG. 11, heat is applied to the
insulating sheet IS to fix the insulating sheet IS. This heating
distorts the insulating sheet IS. For example, the first portion
IM1 and IM3 having a large thermal expansion coeflicient
expand more than second portions IM2 and IM4 having a
small thermal expansion coefficient.
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As a result, the insulating sheet IS curves away from the
first semiconductor chip SC1 toward the leading end of the
insulating sheet IS in the region NR1 where the second
semiconductor chip SC2 does not exist in the opposite
region of the first semiconductor chip SC1. The insulating
sheet IS curves away from the second semiconductor chip
SC2 toward the front end of the insulating sheet IS in the
region NR1 where the first semiconductor chip SC1 does not
exist in the opposite region of the second semiconductor
chip SC2.

Note that the configuration and manufacturing method of
the semiconductor device other than the above in present
embodiment are substantially the same as the configuration
and manufacturing method in first embodiment, and there-
fore descriptions thereof will not be repeated.

In present embodiment, insulating sheets IS have the first
portions IM1 and IM3, and the second portions IM2 and
IM4, which are formed of different types of materials. The
thermal expansion coefficient of the first portions IM1 and
IM3, and the thermal expansion coefficient of the second
portions IM2 and IM4 differ from each other. Therefore, the
insulating sheet IS can be curved by heating for fixing the
insulating sheet IS. As the insulating sheet IS is curved, the
sealing member SM comes into contact with both surfaces
of the curved portion of the insulating sheet IS. Therefore,
the creeping distance is increased, and the breakdown volt-
age of the digital isolator is improved.

Fourth Embodiment

As shown in FIG. 19, the insulating sheet IS of the present
embodiment has a notch LP1 on one surface of the insulating
sheet IS and a notch LP2 on the other surface of the
insulating sheet IS.

As shown in FIG. 18, the insulating sheet IS has notches
LS1 and L.S12 in portions where the insulating sheet IS is
not bonded to both the first semiconductor chip SC1 and the
second semiconductor chip SC2.

In the region NR1 where the second semiconductor chip
SC2 is not present in the opposite region of the first
semiconductor chip SC1, the notch LP2 is provided on the
surface of the insulating sheet IS opposite to the first
semiconductor chip SC1.

In the region NR1 where the first semiconductor chip SC1
does not exist in the opposite region of the second semi-
conductor chip SC2, a notch LP1 is provided on the surface
of the insulating sheet IS opposite to the surface of the
insulating sheet IS opposite to the second semiconductor
chip SC2.

The insulating sheet IS curves away from the first semi-
conductor chip SC1 toward the front end of the insulating
sheet IS in the region NR1 where the second semiconductor
chip SC2 does not exist in the opposite region of the first
semiconductor chip SC1. The insulating sheet IS curves
away from the second semiconductor chip SC2 toward the
front end of the insulating sheet IS in the region NR1 where
the first semiconductor chip SC1 does not exist in the
opposite region of the second semiconductor chip SC2.

Manufacturing method in present embodiment includes
the same steps as manufacturing method in first embodi-
ment. In the process shown in FIG. 11, heat is applied to the
insulating sheet IS to fix the insulating sheet IS. This heating
distorts the insulating sheet IS. For example, the insulating
sheet IS expands when heated, but since the expanded
portion can escape to the notch on the surface provided with
the notch, the surface without the notch extends more than
the surface provided with the notch.
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As a result, the insulating sheet IS curves away from the
first semiconductor chip SC1 toward the leading end of the
insulating sheet IS in the region NR1 where the second
semiconductor chip SC2 does not exist in the opposite
region of the first semiconductor chip SC1. The insulating
sheet IS curves away from the second semiconductor chip
SC2 toward the front end of the insulating sheet IS in the
region NR1 where the first semiconductor chip SC1 does not
exist in the opposite region of the second semiconductor
chip SC2.

Note that the configuration and manufacturing method of
the semiconductor device other than the above in present
embodiment are substantially the same as the configuration
and manufacturing method in first embodiment, and there-
fore descriptions thereof will not be repeated.

In the present embodiment, the insulating sheet IS has
notches L.S1 and [.S12 at locations where the insulating
sheet IS is not bonded to both the first semiconductor chip
SC1 and the second semiconductor chip SC2. Therefore, the
insulating sheet IS can be curved by heating for fixing the
insulating sheet IS. As the insulating sheet IS is curved, the
sealing member SM comes into contact with both surfaces
of the curved portion of the insulating sheet IS. Therefore,
the creeping distance is increased, and the breakdown volt-
age of the digital isolator is improved.

In addition, since the surface area of the insulating sheet
IS is increased by forming the notches LP1 and LP2 in the
insulating sheet IS, the creeping distance of the interface
between the insulating sheet IS and the sealing member SM
is increased as compared with the creeping distance of first
embodiment.

Fifth Embodiment

As shown in FIG. 20, the insulating sheet IS has a first
sheet ISA and a second sheet ISB. The first sheet ISA and the
second sheet ISB are arranged offset from each other and
connected to each other. The first sheet ISA is located in the
first semiconductor chip SC1 side, and the second sheet ISB
is located in the second semiconductor chip SC2 side.

The first sheet ISA extends outward from the first outer-
most peripheral edge MPE1 of the first semiconductor chip
SC1. The second sheet ISB extends outward from the second
outermost peripheral edge MPE2 of the second semicon-
ductor chip SC2.

The outer peripheral edge PE1 of the first passivation
layer PL1 of the first semiconductor chip SC1 is located
inside the first outermost peripheral edge MPE1 of the first
semiconductor chip SC1. The outer peripheral edge PE2 of
the second passivation layer PL2 of the second semicon-
ductor chip SC2 is located inside the second outermost
peripheral edge MPE2 of the second semiconductor chip
SC2.

Note that the configuration and the method of manufac-
turing the semiconductor device other than the above in
present embodiment are substantially the same as the con-
figuration and manufacturing method in first embodiment,
and therefore descriptions thereof will not be repeated.

In present embodiment, the first sheet ISA extends out-
ward from the first outermost peripheral edge MPE1 of the
first semiconductor chip SC1. The second sheet ISB extends
outward from the second outermost peripheral edge MPE2
of the second semiconductor chip SC2. Due to the step
generated in the insulating sheet IS, it is possible to secure
a large creeping distance similarly to the first embodiment,
and the breakdown voltage of the digital isolator is
improved.
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In the present embodiment, a configuration in which the
insulating sheet IS is composed of two layers of the first
sheet ISA and the second sheet ISB has been described, but
the insulating sheet IS may be composed of three or more
sheets.

Inverter systems for consumer and industrial applications
require strict safety standards. According to the above-
mentioned the first embodiment to the fifth embodiment,
since the dielectric breakdown voltage can be improved, the
inverter system for the above-mentioned consumer use and
industrial use can be miniaturized. The main applications
envisaged are motor-control, isolated DC (Direct Current)-
DC, industrial inverters, Uninterruptible Power Supply
(UPS), solar inverters, displays, illumination control, etc.

When a photocoupler is used as a digital isolator, it is
difficult to incorporate the photocoupler in one package
together with an Memory Control Unit (MCU), a Insulated
Gate Bipolar Transistor (IGBT), a gate driver, and the like.

However, according to the above-mentioned first embodi-
ment to the fifth embodiment, the digital isolator can be
integrated in multiple channels. It is also possible to incor-
porate a multi-channel integrated digital isolator in one
package together with a gate driver. In addition, a multi-
channel integrated digital isolator can be incorporated in a
single package with a gate driver and an MCU. In addition,
multi-channel integrated digital isolators can be integrated
into one package together with gate drivers, MCUs, and
IGBT.

According to the above first embodiment to fifth embodi-
ment, by integrating the digital isolator with the MCU, it is
possible to contribute to miniaturization of the system by
integrating the digital isolator with, for example, an MCU
for a switching power supply, an MCU for a medical device,
an MCU for an Light Emitting Diode (LED) illumination, an
MCU for an automobile body system, an MCU for a general
purpose automobile power system, and the like.

Although the invention made by the present inventor has
been specifically described based on the embodiment, the
present invention is not limited to the embodiment described
above, and it is needless to say that various modifications
can be made without departing from the gist thereof.

What is claimed is:

1. A semiconductor device comprising:

a first semiconductor chip including a first inductor;

a second semiconductor chip including a second inductor,
the second semiconductor chip being stacked on the
first semiconductor chip such that the second inductor
faces the first inductor;

an insulating sheet disposed between the first semicon-
ductor chip and the second semiconductor chip; and

a sealing member sealing the first semiconductor chip, the
second semiconductor chip, and the insulating sheet,

wherein the sealing member is disposed between the
insulating sheet and the first semiconductor chip and
between the insulating sheet and the second semicon-
ductor chip,

wherein the insulating sheet comprises:

a first portion positioned between the first semiconduc-
tor chip and the second semiconductor chip; and

a second portion bent with respect to the first portion,
and

wherein the sealing member contacts both a first surface
of the second portion in a first semiconductor chip side
and a second surface of the second portion in a second
semiconductor chip side.
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2. The semiconductor device according to claim 1,

wherein the first semiconductor chip has a first protective
layer covering the first inductor,

wherein the second semiconductor chip has a second
protective layer covering the second inductor,

wherein a first outer peripheral edge of the first protective
layer is located inside a first outermost peripheral edge
of the first semiconductor chip, and

wherein a second outer peripheral edge of the second
protective layer is located inside a second outermost
peripheral edge of the second semiconductor chip.

3. The semiconductor device according to claim 2,
wherein the insulating sheet extends outward from at least
one of the first outermost peripheral edge of the first semi-
conductor chip and the second outermost peripheral edge of
the second semiconductor chip.

4. A semiconductor device comprising:

a first semiconductor chip including a first inductor;

a second semiconductor chip including a second inductor,
the second semiconductor chip being stacked on the
first semiconductor chip such that the second inductor
faces the first inductor;

an insulating sheet disposed between the first semicon-
ductor chip and the second semiconductor chip; and

a sealing member sealing the first semiconductor chip, the
second semiconductor chip, and the insulating sheet,

wherein the sealing member is disposed between the
insulating sheet and the first semiconductor chip and
between the insulating sheet and the second semicon-
ductor chip,
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wherein the insulating sheet is bonded to the first semi-
conductor chip and the second semiconductor chip
inside an opposing region where the first semiconduc-
tor chip and the second semiconductor chip face each
other, and

wherein the insulating sheet is not bonded to both the first
semiconductor chip and the second semiconductor chip
outside the opposing region.

5. A semiconductor device comprising:

a first semiconductor chip including a first inductor;

a second semiconductor chip including a second inductor,
the second semiconductor chip being stacked on the
first semiconductor chip such that the second inductor
faces the first inductor;

an insulating sheet disposed between the first semicon-
ductor chip and the second semiconductor chip; and

a sealing member sealing the first semiconductor chip, the
second semiconductor chip, and the insulating sheet,

wherein the sealing member is disposed between both the
insulating sheet and the first semiconductor chip and
between the insulating sheet and the second semicon-
ductor chip, and

wherein the insulating sheet comprises:

a first portion; and
a second portion formed of material of a type other than
the first portion.

6. The semiconductor device according to claim 5,
wherein a thermal expansion coefficient of the first portion
and a thermal expansion coefficient of the second portion
differ from each other.
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